We present candidate binary quasars from the Sloan Digital Sky Survey (SDSS) having double-peaked profiles of [O iii] λλ 5007, 4959 and other narrow emission-lines. These candidates were identified by means of a visual examination of 21,592 quasars at z < 0.7 in SDSS Data Release 7 (DR7). Approximately 1% of the spectra with adequate signal-to-noise exhibit a double-peaked [O iii] profile. Of these, only two give the appearance of possibly being optically resolved double AGN in the SDSS images, but many show close companions or signs of recent interaction. Radio loud quasars are three times more likely to exhibit a double-peaked [O iii] profile than radio quiet quasars, suggesting a role for jet interactions in producing the double-peaked profiles. Of the 66 broad line (Type 1) AGN that are undedected in the FIRST survey, 0.9% show double peaked [O iii] profiles. Further study is needed to determine which of these are binary AGN rather than disturbed or rotating narrow line regions, and how many additional binaries may remain undetected because of insufficient line-of-sight velocity splitting.
Introduction
Binary quasars are a rare but important aspect of galactic evolution and the AGN phenomenon, as reviewed by Komossa (2006) . Studies of the nature and incidence of binary quasars provide insight into galaxy mergers at substantial look-back times and into the fueling of AGN by accretion onto supermassive black holes. According to current cosmological models, many large galaxies have undergone at least one major merger. A likely mechanism for AGN fueling is the migration of gas caused by tidal torques in a merger. Therefore, one might expect to see a substantial number of binary quasars.
Evidence for binary AGN includes peculiar morphologies of radio galaxies, X-ray resolved double nuclei, and optically resolved double QSOs. Out of 10 5 QSOs, only ∼ 10 2 optical binary quasars are known (Foreman et al. 2009 , and references therein). Most have spacings of 10 kpc or more, and lie at z ∼ 2 to z ∼ 3, where study of the host galaxy is difficult. Binaries with smaller separations include a 2 kpc (0.3 arcsec) optical example at z = 0.848 observed with HST by Junkkarinen et al. (2001) , and the ULIRG NGC 6240 with a double X-ray nucleus separated by 1.4 kpc (Komossa 2003) . Both authors argue that the observed incidence of such close binaries is roughly 100 times less than might be expected if the fueling of one black hole giving QSO activity at the relevant stages of a merger mandates the fueling of the second black hole. A single, much closer (7 pc) binary AGN candidate is the radio galaxy 0402+379 (Rodriguez et al. 2009 ).
The narrow emission lines of AGN offer a potential indicator of binary AGN at intermediate separations of ∼ 1 to 10 kpc. The radius of the narrow emission-line region (NLR) is typically ∼ 100 pc, so that such objects should have distinct NLRs orbiting with each of the merging nuclei with its black hole. Typical orbital velocities in spiral galaxies are of order a few hundred kilometers per second, similar to the widths of AGN narrow lines. If two adjacent narrow-line regions in a merging system were detected by a single spectrograph slit or fiber, a double-peaked emission-line profile could result. This provides a technique for identifying candidate binary AGN that are spatially unresolved. Several examples have already been discussed in the literature (Zhou et al. 2004; Gerke et al. 2007 ).
We have carried out a search for double-peaked narrow line profiles, primarily the [O iii] lines, in quasar spectra from the Sloan Digital Sky Survey 1 . The goals of this work were to identify interesting individual objects for study, and to constrain the frequency of binary quasars in the relevant regime of separation. This search has identified 148 double-peaked [O iii] objects, with velocity splittings between 180 km s −1 and 1400 km s −1 . Here we -3 -describe the search and the candidate objects, consider alternative causes of the doublepeaked profiles, and discuss statistical inferences for AGN fueling in merging galactic nuclei. We assume a concordance cosmology with H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7.
While this manuscript was being prepared for submission, we received a preprint by Liu et al. (2009) presenting a study of double [O iii] profiles for SDSS narrow line (Type 2) AGN. They find a similar incidence of double [O iii] objects to that found here. The two studies are complementary in that our work emphasizes broad line objects.
Sample and Method
Our spectra are obtained from SDSS DR7, which contains 21,592 QSO spectra within our redshift range, 0.1 < z < 0.7. These limits were chosen to minimize the number of low luminosity nearby AGN and to keep [O iii] in a relatively clean part of the spectrum. Because it is possible to have strong [O iii] emission despite a noisy spectrum, we imposed no a priori signal-to-noise (S/N) cutoff. We conducted a visual inspection of the spectra with the aid of plots windowing several key emission lines, produced by a spectrum fitting program described by Salviander et al. (2007) . Our primary search criterion was a doublepeaked [O iii] profile in both λ5007 and λ4959, consistent with the 3:1 intensity ratio fixed by atomic physics. Once these objects had been identified, a more thorough inspection of each double [O iii] ] split in these lines strengthens the case for binarity, we did not require it for inclusion in the list of binary candidates if the S/N was such that the double-peak was not ruled out. Candidates were grouped into two categories, "good" and "marginal". Marginal candidates are questionable cases due to low S/N, bad sky subtraction, and most often, failure of λ4959 to reproduce the intensity ratio of the components in λ5007. Our candidates were cross-referenced with the FIRST radio catalogue (Becker et al. 1995) . Only four of our candidates were out of the range of the FIRST survey.
Binary Quasar Candidates
We have a total of 148 spectroscopic binary quasar candidates, listed in Table 1 . Objects with an asterisk exhibit either binarity in the Sloan image, or signs of interaction. Also given are the SDSS redshift, the velocity separation of the [O iii] peaks, the Kellermann et al. (1989) radio loudness parameter, the continuum luminosity νL ν (5100) , and the AGN type (1 if broad emission lines are visible). The "Quality" column denotes whether the candidate is good, g, or marginal, m. Most marginal candidates do not have a velocity splitting listed, since the spectral quality of the [O iii] region was not clear enough for a reasonable and consistent measurement. Of these candidates, 78 candidates are graded "good" and 70 "marginal". Figure 1 gives spectra for three representative objects. Figure 2 gives the SDSS multi-color images of eight of the more interesting objects. Two of these, J1316+17 and J1441+09, are included because they exhibit numerous smaller companions within a close radius. Three of the images appear to consist of two or more individual galaxies at very close proximity: J1245+37 and J1307+46 appear to show pairs of galaxies centered on the SDSS fiber, and J1157+08, shows three galaxies in a linear arrangement.
J0942+12 exhibits large tidal tails in the image, suggesting recent interaction. However, the nucleus itself does not appear binary.
J1001+28 (not shown) may be a major merger between a large spiral and a spiral or elliptical. While the fiber width is not enough to encompass the NLRs of both objects, the galaxy is clearly undergoing interaction. J1516+18 (not shown) has 1.3 Jy of radio flux, an order of magnitude larger than any other object in our sample. The object is a good double [O iii], although the velocity split which is clear in [O iii] is not seen in other lines.
J1517+33 is the object discussed at length in Rosario et al. (2009) . It has emission line knots that straddle the stellar nucleus in velocity and position. The double peaked profile appears to be the result of a bipolar radio jet.
Statistical Results
We did not impose an a priori S/N cutoff, in order to avoid missing noisy but interesting objects with strong [O iii] lines. However, some of the SDSS spectra did not have sufficient S/N to show the typical [O iii] double peaks displayed by our candidates. Therefore, for statistical analysis, we must estimate what fraction of the full quasar sample had sufficient quality to be considered the parent sample of our candidate objects. We find by inspection of a substantial subset of the 21,592 objects that only 40% ± 10% of spectra are viable in the sense that the double peaks of λ4959 would be clearly distinguishable from the noise for a typical "good" candidate. While subjective, this estimate is reasonably sound because of the strong contrast between the S/N of the better and worse spectra. Moreover, there are larger uncertainties in the analysis below, such as corrections for binaries with line-of-sight velocities too small to give a double-peaked [O iii] profile (see below).
An issue for statistical analysis is the presence of some Type 2 AGN in the SDSS quasar download, numbering about 2.1% of the full sample. Interestingly, 42% of our candidates are narrow-line objects, so that the Type 2 objects are twenty times overrepresented among our double [O iii] candidates. We believe this to be a selection effect. SDSS defines a quasar as having one or more emission lines with FWHM of at least 1,000 km s −1 . In a double-peaked [O iii] spectrum, the secondary component could broaden the line enough to generate this minimum FWHM, and thus the object would be classified as a QSO. Because of this dramatic selection effect, we omit the Type 2 objects from our statistical analysis.
We apply the 40% viable fraction rigorously, despite its uncertainty, so that rounding does not obscure the successive steps in the analysis. After subtracting 2.1% for the Type 2 objects, we have a parent sample of 8,452 viable Type 1 spectra. Our 86 Type 1 double [O iii] candidates amount to 1.0% of the parent sample; 42 of these (0.50%) are "good".
The FIRST survey detects 20 cm radio flux for 27% of our candidates, as compared to only 9% FIRST detections in the overall SDSS Quasar Catalogue in our redshift range (Schneider et al. 2007 ). This suggests that radio jet interaction is often the cause of the double-peaked [O iii] profiles. Such interactions in the NLR are well known (e.g., Whittle & Wilson 2004; Whittle et al. 2005 , and references therein). One of our double [O iii] objects, J1517+33, appears to involve such an interaction. It is a narrow-line object with a FIRST radio flux of 107 mJy and two bright optical regions near its nucleus in the Sloan image. Subsequent observations of this object with the VLA have shown a double-lobed radio structure at the same orientation and position as the bright optical regions. This object is described in Rosario et al. (2009) .
Because of the likelihood of radio jets causing the double-peaked signature, we consider our best candidates for true binaries to be those with no FIRST radio detections. Discarding 9% of the parent sample to allow for radio objects, our parent sample consists of 7,692 quasars. Our candidate sample consists of 66 radio-quiet broad-line objects, those we consider to be the best prospects. This is 0.9% of the total number of viable SDSS radio-quiet broad-line quasars. If we use only the "good" candidates, 29 objects remain, which is 0.38% of the parent sample. Figure 3 shows the relationship between the redshift and the velocity split for our candidate pairs. Objects at greater distance are typically at higher luminosity, and more luminous objects tend to have wider [O iii] lines (Salviander et al. 2007 , and references therein). Accordingly, a larger velocity difference might be necessary for a resolved doublepeaked profile. It would make sense, therefore, that as redshift increases, observed velocity splits should also increase. However, we find that the opposite is true. It appears that at high redshifts, the typical velocity splitting actually decreases, although the statistical sample is small.
Discussion

Reliability of Double [O iii]
The "good" objects are definite cases of double-peaked [O iii] profiles. The split is confirmed with good S/N and velocity agreement in λ4959, and in other narrow lines when there is adequate S/N. For the marginal cases, the confirmation is less compelling in λ4959, and the S/N may be inadequate in other lines. In order to estimate the frequency with which noise might give the appearance of a double-peaked [O iii] profile, we examined a set of simulated spectra for 1,773 SDSS quasars computed by Salviander et al. (2007) as a test of their procedures. These objects are typical of our candidates in terms of [O iii] strength and continuum S/N. The simulated spectra reproduce the observed emission lines for each quasar, using a Gauss-Hermite fit to the lines in the original spectrum as described by Salviander et al. (2007) , along with a power-law continuum approximating the observed continuum in the [O iii] region. Gaussian random noise was added pixel-by-pixel using the noise amplitude given in HDU3 of the SDSS spectrum. For the present purposes, the simulated spectra were visually inspected in the same manner as our actual SDSS parent sample. In no case did a double-peaked λ5007 profile appear as a result of noise that would have met our standards even for a "marginal" candidate. We conclude that all of the "good" and most of the "marginal" candidates are in fact genuine double-peaked [O iii] AGN. This indicates that most are indeed AGN. As noted above, alternative interpretations of double-peaked [O iii] profiles include jet interactions and rotation. One of our Type 2 objects, J1517+33 is spatially resolved but is clearly an example of a radio jet interaction with the NLR (Rosario et al. 2009 ). Another of our objects, J1129+60, was observed with the VLA by Rosario et al. It also has kpc scale radio structure and maybe also involve jet interaction. The majority of the radio quiet objects show double-peaked line profiles of a type that could reasonably occur for a binary AGN. One Type 1 object, J1307+46, shows two spatially resolved optical sources separated by 3 arcsec (15 kpc). The others are unresolved in the SDSS images and are candidates for binary AGN at spacings less than about 5 kpc, depending on redshift. High resolution imaging in the optical, radio, and X-ray is needed to help determine which are actually binary AGN.
Binary AGN?
The utility of emission line ratios to distinguish binaries from disturbed NLRs is unclear. Jet interaction sources may involve gas dynamically affected by the jets but still photoionized by the AGN continuum and showing normal photoionization line ratios (e.g., Whittle et al. 2005) . Binarity could conceivably affect the NLR line ratios, particularly from spacings < 1 kpc approaching the size of the NLR itself. For our radio-quiet "good" Type 1 candidates, average values are EW(λ5007) = 72Å and F (λ3727)/F (λ5007) = 0.24, where λ3727 refers to the combined intensity of the [O ii] doublet. These values are not significantly different from a control sample of comparable non-
double [O iii] SDSS quasars, and the [O ii]/[O iii]
ratio is typical of power-law photoionized objects (Baldwin et al. 1981) . The [O i] λ6300 line is measureable in only a fraction of our candidates. For those objects, the average value of I(λ6300)/I(λ5007) is 0.11, similar to a comparable control sample; and these objects lie in the power-law photoionized region of the Baldwin et al. (1981) .
The velocity separation of the double peaks is plausible for binary AGN. For a circular orbit in the gravitational potential of an isothermal sphere of velocity dispersion σ * , the orbital velocity is 2 1/2 σ * (Binney & Tremaine 1988) . For an eccentric orbit, the pericentric velocity could be several times σ * . Our "good" radio quiet Type 1 objects have a mean value log M BH = 8.13 solar masses, based on the broad line width and continuum luminosity using equation 2 of Shields et al. (2003) . (This refers to a subset of 13 objects with the best determined M BH .) This corresponds to a host bulge velocity dispersion log σ * = 2.30 km s −1 based on the M BH − σ * relationship as given by Tremaine et al. (2002) . The mean logarithmic [O iii] velocity split is log ∆v = 2.52 in km s −1 ; ∆v/σ * averages 1.7 with a range of 1.0 to 6. A precise prediction of ∆v/σ * for binary AGN with double [O iii] is difficult because of unknown orbital parameters and a selection for binaries whose relative velocity vector is oriented parallel to the line of sight.
Line-of-sight correction
The width of the narrow emission lines correlates with σ * empirically, with log (Nelson & Whittle 1996; Bonning et al. 2005) . The profile will appear double-peaked if the velocity separation is greater than ∼ σ [O III] . Given that the orbital velocity of a binary should be of this order (see above), one might expect that some binaries will show a double-peaked [O iii] profile and others will not. Moreover, a substantial fraction of binaries may be at a low velocity phase of their orbit, and many will have their relative velocity vector close to the plane of the sky. The true number of binaries (or otherwise disturbed NLRs) may be several times larger than the number observed. Zhou et al. (2004) estimate that this correction may be an order-ofmagnitude. Thus, if a large fraction of our radio quiet Type 1 candidates are binaries, then the true incidence of binaries could be as large as ∼ 10%.
Fueling of Binary AGN
The role of mergers in fueling AGN activity is an important topic of study. While seemingly undisturbed AGN are observed, high resolution imaging of quasars shows close companions and and features of gravitational interaction in many cases (e.g., Bahcall et al. 1997; Bennert et al. 2008) . Simulations of galactic collisions with gas show that tidal torques lead to concentrations of gas in each nucleus after the first close encounter, and in the nucleus of the final merger product (Hopkins et al. 2006 , and references therein). It seems likely that a large fraction of luminous AGN are triggered by mergers. This suggests that binary AGN could be a common occurrence.
As noted above, the incidence of known close binaries at 1 or 2 kpc separation is only ∼ 10 −3 , and it has been argued that this is lower than expected if both black holes in a merger are fueled independently (Junkkarinen et al. 2001) . A similar conclusion is also reached by Foreman et al. (2009) , in a study of optically resolved binaries in the 10 to 100 kpc range. In our case, a typical redshift is z ≈ 0.3, and a 1 arcsec limit on our unresolved candidates corresponds to ∼ 5 kpc. What might one expect for the number of binaries in this range of separation? For an orbital velocity of 300 km s −1 and radius of 3 kpc, the orbital period is t orb ≈ 10 7.8 yr. Dynamical friction causes the orbit to decay on a timescle t df of a few times t orb ; for typical parameters for our candidates, t df ≈ 10 8.9 yr (Junkkarinen et al. 2001 ). The lifetime of an AGN outburst is often estimated to be the Salpeter growth timescale t AGN ≈ 10 7.6 yr. Thus, the duration of an AGN outburst could be a substantial fraction of t df . The fact that the galaxy is observed as an AGN implies that at least one black hole is currently fueled. If fueling of each hole occurs independently, then the probability that a given AGN will have both holes fueled as a binary AGN is p bin ≈ t AGN /t df ≈ 10 −1.3 . This assumes that most AGN are triggered by mergers.
This theoretical estimate is considerably larger than our observed ∼ 1% incidence of double [O iii] binary candidates but similar to above 10% estimate after correction for unresolved double [O iii] objects. There may be reasons to doubt that the true incidence of binary AGN is so high, however. The number of resolved binary QSOs at the 2 kpc scale and the 30 kpc scale is ∼ 10 −3 in both cases, based on objects at typical redshifts z ≈ 1 to 3 (Junkkarinen et al. 2001; Foreman et al. 2009 ). If these indications of a low binary rate carry over to our redshift and separation range, this may imply that most of the double [O iii] objects are in fact single AGN with a disturbed NLR. A low number of optically visible binary AGN could result from a delay in fueling of the black holes until the orbital separation has decayed below the kpc scale, or obscuration of most binary AGN at kpc separations by massive amounts of dusty gas (Hopkins et al. 2006) . In this context, it is interesting that ultraluminous infrared galaxies (ULIRGs) often show nuclear spacings of one or several kpc (Sanders & Mirabel 1996) .
Conclusion
We have found that approximately 1% of SDSS quasars at 0.1 < z < 0.7 have doublepeaked [O iii] line profiles, and other narrow lines show similar velocity splittings when the data quality is sufficient. Some of these, particularly the radio loud objects, are likely disturbed NLRs involving bipolar jets. Other cases may involve rotation. However, the magnitude of the velocities is consistent with orbital motion in binary AGN with distinct NLRs. These candidate binary AGN are interesting targets for detailed study. In addition, they offer a potential way to assess the probability of fueling both supermassive black holes in a galactic merger. Further study of these candidates, including high resolution imaging in the radio, optical, and X-ray, is needed to determine which of them are actually binary AGN.
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